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I, DANIEL S. LEVY, being duly sworn, state:

1. I have personal knowledge of the facts set forth herein, and I am competent to

testify thereto as a witness.

I. Qualifications

2. My name is Daniel S. Levy. I have a Ph.D. in Economics from The University of

Chicago. I serve as the National Leader of Economic Matters for Arthur

Andersen's Strategy, Finance, and Economics Group. A copy of my resume may

be found in Appendix B.
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II. Purpose and Organization of the Affidavit

3. The purpose of this affidavit is to respond to the Commission's request for a

simple yet rigorous methodology for analysis of Ameritech Michigan's

performance measurements. The discussion below describes a methodology that

..vill allo\v Ameritech Michigan. its competitors, and the Commission to determine

\vhether Ameritech Michigan is meeting its contractual obligations. In order to

make such a determination. Ameritech Michigan's performance in support of

competitive local exchange carrier (CLEC) operations and end-users is either

compared to performance standards or to Ameritech Michigan's performance in

service of its retail customers. The results of these comparisons are used to

determine whether or not Ameritech Michigan discriminates against CLECs in

providing services to either the CLEC itself or its end-users.

4. Section III below details the proposed methodology. This methodology is based

on statistical techniques that are well-known and accepted by courts,

telecommunications companies, and academic experts. Section IV discusses the

value of statistical techniques in assessing the quality of service that

telecommunications companies provide in support of various groups of end-users.

Section V develops the statistical measures that are used in the proposed

methodology. Section VI details the proposed methodology for identifying when

remedies will be employed. Section VII discusses the support that many
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telecommunication companies have expressed for the use of statistical techniques

similar to those proposed here. Section VIII provides conclusions.

III. Proposed Testing Method

5. This affidavit discusses t\VO well-kno\\in statistical tests that can be used to

determine whether Ameritech Michigan is providing non-discriminatory service.

The testing protocol discussed is based on the z-test, which has been endorsed by

a range of telecommunication companies and has been selected because it can be

implemented through standard commercially available software. The test

proposed employs a 95 percent. one-tailed. confidence interval. It calls for

quarterly testing, which provides larger sample sizes that \vill increase the chance

of identifYing true disparity.

6. The method discus~ed here employs components of Ameritech's previous parity

testing proposal to the FCC. At the request of the Michigan Commission Staff,

Ameritech Michigan has simplified its previous proposal for parity testing. The

parity testing methods proposed by Ameritech to the FCC do provide additional

benefits that the Commission may want to consider. However, in order to comply

with the wishes of the Commission Staff, Ameritech has proposed a simplified

methodology.
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7. An additional test. Fisher's exact test. is proposed for situations where the z-test is

generally considered inappropriate due to specific characteristics of the measure

being tested and comparatively small sample sizes. Again. the proposed test

employs a 95 percent. one-tailed. confidence interval. Like the z-test. this test is

well-known and generally accepted.

8. The proposed tests are based on quarterly data. \vhich will increase sample sizes.

and thus increase the ability to detect disparity of performance during the test

period, In addition. as mentioned above. larger sample sizes yielded by quarterly

testing \vill reduce the impact of random fluctuations in performance that are

likely to result from random chance.

IV. Benefit of Statistical Methodology

9. Obviously, the level of performance experienced by Ameritech Michigan's own

end-users will vary from quarter to quarter. month to month, and even from day to

day. For each performance measure. a given result in a quarter contains a random

component. I The observed performance of Ameritech Michigan on any given

pertormance measure will change from one period to the next even if the

underlying performance of Ameritech Michigan is consistent over time.

I See AT&T ex parte communication to the FCC dated February j. 1998
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Therefore, the observed performance of Ameritech Michigan in a given quarter is

viewed as a "sample", in statistical terms. of the underlying level of pertormance

provided to end-users by Ameritech Michigan.

10. Similarly. even though Ameritech Michigan may be providing equall~vels of

service to both its o\vn and CLEe end-users. random variation and chance will

result in differences in measured performance for CLEC and Ameritech Michigan

transactions during any given measurement period. The statistical methods

discussed here can be used to distinguish bet\veen differentials in performance

generated by random chance and those attributable to Ameritech Michigan.

11. Because of the complexity of factors that affect Ameritech Michigan's

performance. it is likely that on occasion these standard tests will indicate

discrimination when in fact there is no discrimination. It is possible that more

detailed analysis of the source of disparity may demonstrate that the appearance of

disparity is erroneous. This additional analysis may require further levels of

disaggregation or alternative statistical methods. In some cases. the apparent

disparity will not reflect true disparate service, but rather will be attributable to

some acceptable market factor that was not reflected in the first-stage analysis.

12. For example. consider the situation of a CLEC, which submitted, in March 1998.

a disproportionate number of its 911 customer record updates on March 25th.
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Because the 'computer systems \vere malfunctioning on that date. the customer

record update processes were delayed for both CLEC and Ameritech Michigan

retail customers. The data indicate that this CLEC received disparate treatment in

March. However. the apparent disparity \Vas not due to discriminatory ser.,rice. If

the CLEC had not submitted a disproportionate number of files on March 25th. its

performance data \vould indicate parity tor that month.

13. The statistical analyses and testing protocols that are outlined in this affidavit are

based on the assumption that if parity is not observed. the first course of action

should be to investigate \vhether there is an explanation for the apparent disparity.

14. The statistical methods outlined have the following goals.

• Provide a high likelihood of correctly assessing remedies for disparity

when disparity exists.

• Provide a low likelihood of incorrectly assessing remedies when parity

exists.

• Provide a comparison of performance that reduces the impact of random

variation.

• Provide a testing protocol that is easy to implement and verify.

15. Statistical tests provide the ability to achieve these goals. In addition. statistical

tests such as these have been recognized by regulators. courts. and the scientific
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community. tor these reasons among others. many telecommunications

companies have agreed that statistical tests should be employed for performance

testing.: The tests have been chosen because of their ease of implementation.

which the Staffhas requested. In some situations. it may be appropriate to

employ alternative tests. Ho\vever. the z-test and Fisher's exact test are a pair of

well-known and accepted tests that can be employed in a broad range of relevant

settings.

A. \-Vhya Statistical Methodology is Necessary

16. Statistical tests are designed to measure whether observed differences in

performance are unlikely to result from anything other than the typical random

variation that would be expected in this type of data. Consider the situation in

which Arneritech Michigan provides exactly identical repair service to both CLEC

and retail customers. In any quarter. the observed service to CLEC and retail

customers will be slightly different due to random variations in the types of

problems that occur. To the extent that these differences are small, they may not

reflect a meaningful difference between Ameritech Michigan's measured

performance for CLEC and retail end-users.

: See Section vr below.
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17. For example," in March 1998, the average time required to provide a repair-

Mean-Time-to-Repair - for Ameritech Michigan retail customers was 39.32

hours. Even if Ameritech Michigan were providing non-discriminatory service. it

is unlikely that the Mean-Time-to-Repair for a CLEes resale customers would be

exactly 39.32 hours. Instead. because of random variation in performance for all

customers. service to CLEC customers will be \vorse than service to retail

customers about half of the time. Of course. the other half of the time

perfonnaI1ce to retail customers \\ill be worse than that provided to CLEC

customers. It will almost never be the case that perfonnance to any two groups of

end-users will be exactly the same.

18. The effect of this type of random variation on observed perfonnance is not unique

to the telecommunications industry. It also affects many aspects of our everyday

lives. from the complex to the mundane. Consider, for example. a perfectly fair

coin that is tossed 500 times. One expects to see the coin come up heads 250

times and tails 250 times. But in fact this does not always happen. There is more

than a 16-percent chance that the 500 tosses will result in more than 261 heads.

There is an equal probability that the 500 tosses will result in less than 239 heads.

These results follow from the laws of probability. If one concludes that the coin

is biased based on a criterion ofobserving at least 261 heads, a fair coin would be

erroneously judged as being biased 16 percent of the time.
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19. To make the coin toss example more directly comparable to Ameritech

Michigan's situation. consider the following scenario. Two fair coins are tossed

500 times each. We know that both coins will tend to produce 250 heads. A non-

statistical methodology might conclude that there was disparity when~ver the

"CLEC" coin produced fewer heads than the "Ameritech Michigan retail" coin.

Ho\vever. even though both coins are fair. due to random variation there is a low

probability that both coins will produce the exact same number of heads in a set of

500 tosses. A non-statistical methodology that judged the "parity of

performance" of the two coins based simply on whether one coin produced more

heads than the other would indicate an apparent disparity nearly 50 percent of the

time, even though the two coins were both perfectly fair. Clearly, two fair coins

are in exact parity all of the time. It is simply random variation that leads to

apparent disparity half of the time.

20. This same type ofnmdom variation affects Ameritech Michigan's observed

performance in its service to any two randomly selected groups of end-users in a

given month or quarter. Consider a specific example drawn entirely from

Ameritech's own retail customers' experience with Mean-Time-to-Repair. To

demonstrate the effects of random chance on measured performance, I randomly

selected 1.000 groups. each containing 1.000 end-users. from Ameritech's retail

customer base. Because these selected end-users are actual Ameritech customers.

they are receiving an underlying level of service that is, by definition.
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nondiscriminatory compared to

Figure 1
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the broader pool of Ameritech customers. which experienced a tvlean-Time-To-

Repair of 34. 7 hours.:; The graph above illustrates the variation in Mean-Time-ro-

Repair for these groups.

21. As Figure 1 shows, about 48 percent of the LOOO groups sampled had a Mean-

Time-to-Repair above the average of 34.7 hours. If one were to judge

performance and award remedies on a non-statistical basis. Ameritech Michigan

would make remedy payments to approximately 483 out of 1,000 groups olits

own retail customers.

22. Statistical methodologies recognize the inherent variability in the type of

pertormance data at issue here. The steps needed to conduct these statistical tests -

, Note that this calculation includes trouble reports that came clear. and trouble reports with no trouble
found. Also. the calculation reflects the average across all of Ameritech's retail customers. not just
Michigan.
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are described' in greater detail below.

V. Basic Statistical Concepts and Terms

A. Binary Data versus Continuous Data

., ..
_oJ, There are t\.vo broad categories of data reflected in Ameritech Michigan' s

performance measurements: binary data and continuous data. Binary measures

have only two possible outcomes for a given event. For instance, the Trouble-

Report-Rate is a binary measure, since there are only t\.vo possibilities for a given

phone line: either it had a trouble. or it didn't. Similarly, Confirmed-Due-Dates-

Not-Met is a binary measure since for any particular due date there are only two

options: either the due date was met. or it \vas not met.

24. In contrast, continuous data can take on any value along a continuum. For

instance, Mean-Time-To-Repair is a continuous measure because the amount of

time could be one minute, two days, or any other amount of time. Similarly, the

Average-Installation-Interval is a continuous measure. exhibiting a wide range of

possible values for the measured amount of time to install.
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B. The Mean

.,,:; A primary question in performance measurement is whether Ameritech

Michigan's "typical" service for (LEC end-users is different from the "typical"

performance provided to Ameritech Michigan's own retail customers. The

"mean:' or "average:' is a widely used measure of typical performance,

representing the "center" of a group of values. The mean can be interpreted as the

"expected value" of the data. Clearly. some customers \vill experience a longer

repair time than the mean. and some will experience a shorter repair time, but the

mean repair time provides an "expected" length of time that a customer will tend

to wait for a repair.

16. The mean of a group of values. or the sample mean, is simply the sum of all of the

observed data divided by the number ofobservations. It is important that each

observed value be included in the calculation. For instance. if a certain CLEC had

10 trouble reports in a given quarter, and 7 took 1 hour to repair, and 3 took 3

hours to repair, the Mean-Time-to-Repair would be 1.6 hours, The mean reflects

both the values of the data and the frequency with which those values are

observed.
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Mean = x = Lx;. where
n

x, indicates the observed values of the data. \\ihere XI is the first observed value. x, is the
second value. etc.

l: indicates the summation. In this case. all of the observed values are summed.
I n is the total number of observed values.

27. The same calculation can be used for both continuous and binary measures. The

only distinction that arises with binary measures is that each outcome is assigned

a value of either zero or one. For instance. with Confinned-Due-Dates-Not-Met.

each due date is assigned the value zero if the due date was'met. or assigned the

value one if the due date was not met. If there were 100 installations in a gi"en

quarter. and 95 of the confinned due dates were met and 5 v,,'ere missed. then the

mean of this measure would be equal to 0.05. or 5 percent, which is equal to the

sum of the values of the due date data (5) divided by the total number of

observations (100).

28. Ameritech Michigan's mean observed perfonnance supplied to any group of end-

users can be calculated and compared to the observed perfonnance supplied to

any other group. As discussed above. due to random variations, it will be rare that

Ameritech Michigan's observed perfonnance will be identical for CLEC and

Ameritech Michigan end-users. However, with parity of service. it will also be

rare to observe large differences in performance between CLEC and Ameritech

Michigan end-users.
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C. Variance and Standard Deviation

29. Th~ larger the sample size used to detennine the mean. the less variation th~re

\vill be in the observed mean. \\llen a mean is based on very few obs~rvations.

there is a risk that a single extreme value \vill have a large impact on the estimated

mean. A mean calculated with many observations \vill be less susceptible to the

influence of a single or small number of extreme values.

30. The effect of sample size on the variability of the means can be seen in Figure 2.

The dotted line reflects the distribution of the means from groups \vith 1.000 end-

users, while the solid line reflects the distribution of the mean \yhen the sample

includes 500 end-users. Again. the infonnation for this graph has been drawn

from the actual experience of Ameritech's retail customers. The dotted line

reflects the greater precision of the estimate of the mean that is achieved with

larger sample sizes. Notice that proportionally fewer of the groups of 1,000

observations are at the more extreme values. above approximately 36 and below

32. More of the groups of 1.000 observations are found close to 34.7, the mean for

Ameritech's retail customers for March 1998. With more observations, we are

more likely to obtain a group that has a mean closer to the true mean of the

underlying population.
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Figure 2: The Effects of Number of Observations
on the Distribution of the l\'lonthly lYlean
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31. Since. as Figure 2 demonstrates. the estimate of the mean is more precise \vhen

the group is larger. it is possible to identify smaller differences in means between

two groups. when the groups are larger. The statistical tests described below

specifically account for the fact that larger groups provide a more precise

estimate. increasing the probability of detecting disparity when it exists.

... .,

.J_. Ofcourse. the precision of the estimated mean is not only influenced by the

sample size. it is also affected by the amount of variation in the underlying

measure. If there is little or no variation in a measure. its mean may be estimated

very precisely with relatively little data. Measures that exhibit large variation in

the performance experienced by individual end-users will require larger sample

15
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sizes to achi'eve the same level of precision.

JJ. Tn order to determine \vhether the ohserved ditferences in perfomlance are likely

to result merely from random chance. \Ve need a measure of the variability of the

performance measure across CLEC and Ameritech Michigan end~users that

retlects two things: a) the variation in the underlying perfomlance data. and b) the

number of observations. The variance of the mean and the standard deviation of

the mean are common statistical measures of variability in data. \Vith these

measures of variability, it is possible to determine whether observed differences in

mean performance levels between groups are likely to result solely from random

chance.

34. TIle variance of the data is calculated as follows. The first step is to subtract the

mean of the data set, x. from each observation in the data set, Xi' These

individual differences from the mean are squared and summed. TIlis total squared

difference is divided by the number of observations minus one to create a measure

of the dispersion in the data~

Variance of the sample = r[x j - X]1 = 0'1, where 0' is pronounced "sigma"
(n-l)

• A variance based on data samples is a sample or estimated variance and is more correctly referred to as Sl,

The population vnriance is referred to as a l , However, most documentation of parity testing in the
telecommunications context has referred to sample variances as a l

, and we will use this convention as well
unless otherwise noted. The notational difference is not important. but the conceptual difference is.
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Standard deviation of the sample = "./(j~ = squar-= ~cot of the variance = (j

35. These fundamental statistical concepts are the basis of a well-known statistical

t~st known as the z-test. In the next section. I d-=s.:ribe the use of the z·test in

implementing the proposed parity test.

V. l>roposed Statistical Tests

A. The z-test

36. Ameritech has proposed the use of the z-test to determine whether there is a

statistically significant difference between the mean level of performance

provided to two groups. As discussed above. the goal of statistical testing is to

achieve a high probability of awarding remedies when there is true disparity.

while reducing the probability that remedies will e-e awarded when performance is

not in parity. Achieving these two outcomes ~ill depend on the dispersion of the

underlying data for the measure in question for both the CLEC and Ameritech

Michigan. as \-vell as the number of observations in the quarter.

37. The z-test is based on an index for comparing me:l.Surement results from different

sources of d<lta. The index is based on the difference between two means. [n this

17



,"1PSC Case No. LJ-IIS30
Ameritech ~Iichi:;an

Affidavit of Daniel S. Lev:
October 3 I. 1998

case. the index is based on the difference between the mean performance for

CLEC customers and the mean performance for Ameritech Michigan retail

customers. The difference bem'een the two measures is simple to compute.

DIFF = x AIT - XCLI!C

38. The z-test index adjusts the difference bet\\ieen the two means based on the

standard deviation of that difference. As discussed above. the standard deviation

measures the dispersion of the data and provides a threshold for the typical

variation in the data. The standard deviation of the difference between the means

depends on the variance of the performance for CLEC customers, the variance of

the performance for retail customers, and the number of observations of CLEC and

retail performance data.S

VarianceOIFF = (j':DIFf =c:iCLI!C + (j'!AIT = variance of difference between the means

r1cLEC nA1T

Standard deviationDlI'F =sqrt(c:iOIFF) = (j'OIFF =standard deviation of difference between the
means

39. The z-test can be one-tailed or two-tailed. The one-tailed version of the z-test

identities cases ofdisparity in one direction. in this case when the service to the

< See Appendix A to this affidavit for a more detailed discussion.
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CLEC end-users is worse than that provided to Ameritech end-users. The t\VO-

tailed version identifies disparity in either direction. Since the object of this

st~tistical analysis is to test whether Ameritech iv!ichigan's service provision in its

resale market is worse than it is for its retail customers, the one-tailed z-test is

more appropriate than the t\vo-tailed version.

40. TIle z-test that Ameritech Michigan has proposed will tend to produce a finding of

disparity 5 percent of the time even when parity exists. This means that in

situations where Ameritech Michigan is in parity, it will tend to pay a penalty

5 percent of the time. even though it provides the same level of service to both

CLEC and Ameritech Michigan end-users. This finding of disparity will occur

simply due to the random variations in the data. This is depicted in Figure 3.

which shows the probability of observing sample means that are at increasing

distances from the population mean. The z-test is designed so that there is only a

5 percent chance that the sample mean will be more than 1.645 standard

deviations above the population mean.

41. At the same time. the z-tests proposed here will detect significant levels of

disparity when they exist. For example. based on data from March 1998. a

difference of as linle as 2.4 hours in Average-Installation-Interval between

Ameritech Michigan and AT&T end-users would be detected by the proposed test

98 percent of the time and would be defined as disparity. This means that the z-
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test we have proposed has a high likelihood of detecting differences in the level of

perfonnance \-vhen they exist.

------- - -- -- - ---------

Figure 3
Distribution of Sample Means from Population Mean
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42. As is typical with statistical tests. the ability to detect differences in perfonnance

will depend on how many observations are available for the test. Therefore. for

measures that do not occur as frequently as installations. larger differences would

have to occur before they would become statistically significant. Similarly,

differences in perfonnance between CLECs and Ameritech Michigan will become

more likely to be detected as the size of CLECs increases. This means that if

CLECs increase in size over time. the statistical tests proposed here will become

increasingly strict. requiring more similar levels of perfonnance between the

CLECs and Amcritech Michigan before service would be considered in parity.

20
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'+3. Typically. the conditions for employing a z-test for the comparisons of the mean

of two continuous measures requires at l~ast 30 observations. l
) Therefore.

Ameritech Michigan has proposed that tests of parity be employed only in those

situations where both CLEC and Ameritech Michigan end-users have more than

30 observations for a given performance measure being tested.

44. Ameritech has proposed that whenever the z-test index is less than 1.645

performance would be considered "in parity.'" For parity tests where the z-test

index is greater than 1.645. the measure would be considered out of parity. unless

Ameritech could demonstrate that more appropriate disaggregation levels or

alternative statistical tests were more appropriate for the specific circumstances of

that measure in the given quarter. As stated above. Ameritech has proposed

quarterly testing. which will increase sample sizes. facilitating the identification

of tme disparity.

45. Although the z-test is a valid and acceptable test for parity for measures that are

calculated as proportions. the underlying assumptions of the z-test are not valid

when data sets are small and the proportions tend to be extreme (close to one or

zero). The required minimum sample size for the z-test depends on the observed

" See Appendix A for additional discussion on required sample sizes.
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proportion iri the data (see Table 1 below).1 Because some of the measures of

interest in this setting (for instance. Confirrned-Due-Dates-Not-Met. or Trouble-

Report-Rate) exhibit small proportions (sometimes less than one percent) and

some of the carriers have small sample sizes. in some cases it may be more

appropriate to use the Fisher's exact test. [n addition to its merits when data sets

are small and observed probabilities are low, the Fisher's exact test is also \'alid

'.vhen the sample sizes are larger and the observed probability is closer to 50

percent However. \Ve are recommending the z-test. when it is appropriate.

because of its additional power. The calculations for Fisher's exact test are

described in detail in the Appendix A. They can be implemented on standard.

commercially available 'computer software.

Table 1
Implementation of the z-test

Required Minimum Sample Sizes at
Different Levels of Observed Probabilities!

Sample Proportion Sample Size
0.5 ~ 30

0.4 or 0.6 ~ 50
OJ or 0.7 ~ 80
0.2 or 0.8 ~200

0.1 or 0.9 ~ 600
0.05 or 0.95 ~ 1400

1 See further discussion in the Appendix A.
• Zar (1984). pp. 385-386.
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CLECs have endorsed the use of a statistical methodology

There is \-vide rcco!!nition in the telecommunications industrY' that statistical- .

methods are essential for measuring parity of service. TIle lise of statistical

methodologihas been endorsed by many of Ameritech Michigan's competitors in

the local exchange markets.

A. Endorsements of the use of a statistical methodology

• The following statement has been excerpted from a document created by

the Local Competition Users Group (LCUG). a cooperative effort of

AT&T. MCI. Sprint. LCI and WoridCom, dated February 6, 1998 (version

1.0), page 4.

\\Then making the comparison of ILEC results to CLEC results, it
is necessary to employ comparative procedures that are based upon
generally accepted statistical procedures. It is important to use
statistical procedures because all of the ILEC-CLEC processes that
will be measured are processes that contain some degree of
randomness. Statistical procedures recognize that there is
measurement variability, and assist in translating results data into
useful decision-making information.

• "Allegiance [Allegiance Telecom, Inc.] agrees that statistical analysis is an

essential tool in determining whether or not an ILEC is meeting its

obligation to provide competing carriers with nondiscriminatory

interconnection and access to OSS, operator services and directory
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assistance." Source: Comments of Allegiance Telecom. Inc.. dated June

1,1998. CC Docket No. 98-56, RM-9101, p. 7.

• "A statistically valid method to evaluate parity is critical to the overall

performanc~ requirement process. Parity cannot be fairly determined

\vithout an appropriate statistical methodology'" Source: Comments of

MCI Telecommunications Corporation. dated June 1. 1998. CC Docket

No. 98-56, &vl-9101. p. iii.

• "Sprint agrees with the Commission that reporting averages of

performance measurements alone may not suffice in uncovering

underlying differences in performance. Thus, Sprint supports the use of

statistical techniques for determining whether there are statistically

significant differences between the ILEC's performance when

provisioning service to its own retail customers and its performance

toward competing carriers." Source: Comments of Sprint Corporation,

dated June 1, 1998. CC Docket No. 98-56, RNt-9101, p. 6.
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B. EndoTsements of the z-test

47. Th~ z-test methodology is consistent with standard methods of statistical testing

and has been endorsed by many telecommunications companies.? The tollowing

statements indicate their support for this methodology:

• "MCI and the Local Users Group have recommended a statistical

methodololZv called' the z test". After examinin!! various statistical tests.-- -
LCUG members determined that the 'z test' methodology best adjusts for

the probability of errors (1) pointing to parity violations where none exists

and (2) missing parity violations where they do exist:' MCr. Pennsylvania

CLECIILEC facilitation. p. 10. III.

• "With respect to the statistical test. the PUCT [public Utilities

Commission of Texas] has approved the Z-test to determine the parity of a

performance measurement in SWBT's interconnection agreements \vith

AT&T and MCI." Public Utility Commission of Texas. NPRM

Comments, p. 8.

VII. Conclusions

50. Ameritech has recommended a statistical methodology as a test for parity of

service. The statistical methodology provides Ameritech Michigan with strong

..,.-,
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incentives to maintain nondiscriminatory performance to its CLEe customers by

prescribing a substantial level of remedies wherever there is apparent

discrimination. Statistical methods adjust for the day-to-day random variation in

the data. distinguishing between performance differences that may be evidence of

discrimination and performance differences that could arise due to random

chance. They provide a standard. generally accepted methodology for identifying

apparent discrimination.

51. While the statistical methods described above can be used to compare

performance between Ameritech Michigan's resale and retail markets. they do not

test for discriminatory behavior. Rather. they indicate how likely it is that

differences in the service provided to each market are or are not due to random

chance. Findings of apparent disparity would not necessarily indicate

discriminatory intent or behavior on the part of Ameritech Michigan. Further

analysis based on statistical tests that are more appropriate for a specific situation

may reject the existence of disparity. Moreover, additional investigation of

particular circumstances for a particular measure for a given quarter may

demonstrate the disparity was not the result of Ameritech Michigan's actions. but

rather was caused by conditions beyond Ameritech Michigan's control.

'. S~e. for example. the LCUG response to the NPRM for the 271 rulemaking.
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52. It should alse) be noted that even instances of correctly identified disparity may

not justify a legal conclusion of discrimination, either because the cause of the

disparity is beyond the control of Ameritech ivlichigan or because the magnitude

of the disparity does not warrant such a conclusion. As noted by the FCC.

" ... even if statistically significant differences appear between results for the

incumbent LEC and the competing carrier, these differences may be too small to

have any practical competitive consequence and may not justify a legal

conclusion that the incumbent LEC has discriminated against the competing

carrier.'" 0

"' Notice of Proposed Rulemaking: Appendix B - Statistical Merhods. p. B4.

'17



'Ibis concludes my affidavit.

Further afIimt saith not.

Subscribed mel swoaa

befoR me this3L. day of

<ktober,1998.

MPSC Case No. Uo11830
Ameritech Michigan

Affidavit fS Daniel S. Levy
NOYember 2, 1998
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APPENDIX A

I. Appropriate Statistical Methods for Testing Parity:
Form of Data and Distributional Assumptions

The statistical analysis proposed by Ameritech Michigan compares Ameritech
Michigan's performance in providing service to its own retail customers with its
performance in providing service to customers of its competing carriers. Findings of
inferior service provision to its competing carrier customers \vould indicate "disparity"
bet\veen Ameritech's retail and resale markets. Othel"\vise, Ameritech Michigan's
performance in both markets would be considered "in parity." The statistical methods
used to test for parity often depend on the fonn of the data - binary or continuous 
describing each of the performance measures being examined.

Binary data are classified into two discrete categories. For example. whether a
line was or was not installed in time is a binary outcome. For binary data, we compare
the frequency of such occurrences for retail customers versus competing carrier
customers. For example, if the proportion oflines needing repairs is 2 percent of all retail
lines but 1 percent of all a competing carrier's lines. a statistical test could determine how
likely it is that this difference is due to random chance,

Continuous data measure a quantity or a length (e.g.• how long it took to repair a
line, rather than whether a line did or did not need a repair). A comparison of means is
often appropriate for performance measures based on continuous data. For example. if
the average time needed to repair a line is two days for the retail market but three days for
the competing carrier or resale market. a statistical test could determine how likely it is
that this hypothetical difference is due to random chance.

Calculation of the probability that an observed difference is due solely to random
chance depends on the assumptions made regarding the distribution of the data. Choice
of the appropriate test. therefore. depends on making the appropriate distributional
assumptions given the data to be analyzed. Whether the data are binary or continuous
often is important. if not determinative. in making these assumptions, I discuss these
issues below as they apply to parity testing.
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LA. Statistical Tests for Performance Measures Based on Continuous Data

i) Pooled vs. Separate Variance Tests

\Vhen comparing means of continuous performance measures. the z-test is
employed. I T\vo different versions of [he test may be used depending on the assumptions
made about the variance. or spread. of the populations from which the means were
sampled. If the variance or the populations from \vhich both the retail arid the resale data
were sampled are assumed to be equal. a z-test using a combined or pooled variance
estimate may be used.; Othenvise. separate variance estimates from the retail and resale
sample data are used.; I currently use the separate variance version of the z-test in the
comparisons of means since this test makes the fewest assumptions about the underlying
populations. Statistical comparisons of variances should not be considered part of a z-test
but rather. require a different statistical test altogether. J Should such tests reveal
systematic equality in the variances of the retail and resale markets. the pooled version of
the z-test can be used if and where appropriate.

ii) One-tailed v. Two-tailed Tests

The z-test can be one-tailed or t\vo-tailed. The one-tailed version of the test only
identifies cases of disparity in one direction - either resale performance being worse
than retail. or vice versa. The two-tailed version identifies disparity in either direction.
Since the object of this statistical analysis is to test whether Ameritech's service provision
in its resale market is worse than in its retail market. the one-tailed z-test is more
appropriate than the two-tailed version.

iii) Sample Size

To obtain accurate results when comparing means using a z-test. the means must
be distributed according to a normal distribution. According to the central limit theorem.
as sample size increases, the distribution of sample means becomes increasingly normal.
This result holds for virtually all distributions of data. As one increases sample size. the
speed with which the distribution of sample means approaches normality depends on how
closely the underlying population trom which the data were sampled follows a normal
distribution. Sample sizes of 30 observations are commonly viewed as a minimum
threshold for the distribution of sample means to approach normality.; Currently. a
sample of 30 observations is used as a minimum sample size in the parity tests proposed
by Ameritech Michigan. for both samples of CLEC and Ameritech Michigan end-users.
when comparing means using a z-test. This threshold can be increased if warranted by
indications of significant departures from normality in the data.

II
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LB. Statistical Tests for Performance Measures Based on Binary Data

i) Limitations o{thc: :-test comparing proportions

8in~r} d~t~ follow a binomial distribution.(' For large sample sizes with sampk
proportions close to 0.5. the binomial distribution converges to a normal distribution.
Under such circumstances. a z-test can be used to compare differences in proportions.~

Ho\vever. the smaller the sample size or the more the sample proportions devi~te from
0.5. the less appropri~te the assumption of normality. Many of the performance measures
based on binary data in the present case involve comparisons of proportions of less than
5 percent. and sometimes less than I p~rcent. [n addition. the sample sizes are otten well
under recommended levels for using the nom1al approximation,~ Due to these data
limitations. there may be situations where Fisher's exact test is more appropriate.

ii) Fisher's exact test

Fisher's exact test is a widely understood and generally accepted statistical test for
comparing proportions that can be used when sample sizes are small or sample
proportions are close to zero or one. This test does not require a minimum sample size or
restrict its application to a limited range of sample proportions because it is an exact
statistical test. It does not rely on an approximated distribution. but rather calculates the
exact probability of obtaining specific frequencies of observations. The simple example
below is illustrative.

For the performance measure comparing the percentage of lines needing repairs.
the observed frequencies of retail and resale lines can be arranged in a 1x2 ("two-by
two") table (see Table I). The two columns identify retail or resale observations. and the
two rows identify lines needing or not needing repairs. \\!hen testing for parity, the null
hypothesis is that the percentage of resale lines needing repairs is equal to or less than the
percentage of retail lines needing repairs. In this example, if Fisher's exact test indicates
a statistically significant difference between 25.0 percent (the resale repair rate) and
23.1 percent (the retail repair rate). we would reject the null hypothesis in favor of the
alternative hypothesis - that the percentage of resale lines needing repairs is greater than
the percentage of retail lines needing repairs.

First. the probability of obtaining the observed frequencies is calculated.') Then.
for tixed row and column totals. the corresponding probabilities of every other 2x2 table
which is "more extreme" than the observed 2x2 table are calculated and summed. For the
two-tailed version of the test, more extreme tables are those which are less likely than the
observed table. For the one-tailed version of the test. which is more appropriate tor this
analysis, more extreme tables are those indicating worse resale performance than the
observed table (Tables 2-4 below). III

III



MPSC Case No. U-I 1830
Ameritech Michigzin

Affidavit of Daniel S. Levy
October 3 I. 1998

This sum of probabilities is added to the probability of obtaining the observed
table. yielding a p-value. which is the result of the test. A large p-value (close to one)
\vould indicate a high probability of obtaining the obser.:ed difference under the null
hypothesis. and a low p-value (close to zero) \vould indicate a low probability of
obtaining the observed difference under the null hypothesis. Comparing the p-value to a
pre-determined level of statistical significance. typically set at a=O.05. detem1ines
whether or not the p-value is small enough to indicate disparity.

TaMe 1- Ohserved Frequencies
f'rohubililY .... O.~J I

TaMe 2 - ,l,lorc £:Clrcmc TaMe
f'rnbability = () I VI

19

63

Total

784Total

I
Resale

I
Retail

No 2 61
Repair
Repair 2 1719

63

Total'1

78

I R

4

I R

Total

esa e eta,
I

No 3 60
Repair
Repair I 18

% Repair 25.0% 23.1% % Repnir 50.0% 21.8%

Tahle 3 - lv/ore Extreme Table
Probability "" 0.035

Tahle 4 - ,t/ore Extreme Table:
Prohability = n. 002

Resale I Retail

No I

I
61

Repair
Repair I 3 I 16

I Resale Retail

No
I

0 63
Repair
Repair

I
4 15

Total 4 78

Total

63

19

82 Total 4 78

Total

63

19

81

% Repair 75.0% 20.5% % Repair 100.0% 19.1%

The one-tailed Fisher's exact test above yields the p-value:
p =0.431 + 0.191 + 0.035 + 0.002 =0.659. {fthe pre-determined level of statistical
significance were set at a=O.05. we would clearly fail to reject the null hypothesis that the
proportion of resale lines needing repairs was the same as the proportion of retail lines
needing repairs because the p-value is much greater than a. [n other words. this
comparison of proportions indicates parity between the retail and resale markets for this
performance measure. II

IV
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The example' above. together \vith Table 5 below. demonstrate how random
chance and sample size affect detenninations of parity. A more superficial treatment of
the data which. for eXJ111ple. compared absolute percentage differences to test for parity
might make a determination of disparity in the case above. However. given the relatively
small sample size. Fisher's exact test indicates that it is highly likely that the observed
difference is just due to chJ11ce. If the same proportions \vere observed but with much
larger sample sizes. the likelihood that a resale repair rate 1.<) percentage points greater
than the retail repair rate was due solely to chance \vould be greatly reduced. We observe
this situation in table 5 below.

Table: 5 - Alternate Obsen;ed Frequencies
Prohahiliry = ().O()(}093

Resale I Remil Total

No 3.750 1461.400 465.150
Repair
Repair 1.250 I 138.600 139.850

Total 5.000 600.000 605.000

% Repair 15.0% 23.1%

The p-value for a Fisher's exact test on the alternate frequencies observed in
Table 5 is p=O.00087. indicating that. v.ith a larger sample size. it is very unlikely that a
difference as large as 1.9 percentage points would be observed if the null hypothesis of
equal population proportions was true. Since this p-value is less than the pre-detennined
level of statistical significance of 0.=0.05. we would reject the null hypothesis of parity.

These examples indicate the necessity of using a statistical approach in parity
analyses. The choice of the appropriate test and recognition of the influence of sample
size are required to correctly account for randomness in data. Use of non-statistical
approaches when comparing means and proportions would often lead to errors of
interpretation due to the statistical uncertainty in sampled data.

v
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II. Other Statistical Tests

The statistical methods described above are appropriate to apply \vhen testing for
parity given: a) the data and performance measures being examined to date. and b) the
Staffs request for a simple method of implementing a test for parity. [f additional
perfonnance measures require examination. additional data become available. or further
analysis reveals the need to reexamine the methods that have been applied to date. the
appropriate application of other statistical methods may prove useful. Some 0 f these
methods include Bayesian tests. which allo\v for the incorporation of prior beliefs about
the data. Others include nonparametric tests. bootstrapping. and pennutation tests. which
are subject to limited. if any. constraints regarding distributional assumptions.
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I The score of a z·test is the difference in the sample means relative to the standard deviation of this difference. The
standard error is a measure of the spread of the data that provides an estimate of the typical deviation of a diff.:rence
in sample means from zero. The null hypothesis for these parity tests - that the population means are equal - is
expressed mathematically by assuming the difference in population means is zero. The larger the observed
difference in menns for a fixed standard error. the larger the score of the z-test and the more likely it is that the
sample means are indeed "different:' or obtained from two different populations rather than from the s;:une
underlying population.

In this analysis our z-test calculations use estimated variances from the sample data. When estimated
variances are used. the results of the test follow a student"s t distribution (Wonnacott and Wonnacott. 19:-;4. p. 264).
Ifsample sizes are large. however. and the estimated variances can be assumed to be the population v<lriances. the
student's t distribution will approximate the normal distribution (Wonnacott and Wonnacott. 19R4, p. 264). In this
analysis. we base statistical inferences made from the scores of the z-test on the normal distribution. From
Ameritech's perspective. this is a conservative approach to testing for parity. because the kurtosis of the normnl
t1istribution is smnller than that of the student's t distribution (Zar. 1996. p. (5). This mnkes findings of disparity
more likely than if we relied on the student's t distribution. The probnbiliry density functions of both the normal
and student's t distributions are listed below (Larsen and Marx, 1(86):

where !.l =population mean
cr = population standard deviation
" = mathematically defined constant :::: 3. 14159
e = mathematicaIly defined constant:::: 2.71828

. . r(n;l)
if .\ - t{n). then II( (x) = , U~:!.)

rr n) ( ;(. J 2In'Tx~~2 x l+~

where n =degrees of freedom ..
r = gamma function where r{r)= Jx(I'-')e-'dt

o

: TIle formula for the pooled-variance z.test is (Zar. 1996. p. 125):

z =~ - X; - (PI - ,L12 )

2 2
.\'" .\',.
-+-
n, n2

where .X, = incumbent LEC sample mean

)(2 = CLEC sample mean

(p.2l0)

(p. 341)

(p.227).
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f.i l =incumbent LEC population mean

f.i~ = CLEe population mean

(u, - f.i~) =0 under null hypothesis of parity. or equality of means

", "

f(x" -XI! + f(x:, -X~!
pooled sample variance = ..:..'2:.:.1 --:.;,2:.:.1 _

(nl - I) + (n~ - 1)
(\Vonnneott and \Vonnacott. 1984. p. 232)

where XII =each incumbent LEC observation (I =1.2.J .. ) and X:, = each CLEe

observation (, =1.2.3 .. )

n, = incumbent LEC sample size

n~ = CLEC sample size

If statistical inferences based on the result of the test assume a student's t distribution rather than the normnl
distribution (a t-test instead of a z-test). the degrees of freedom for this test is:

dl =(n, -1) + (n2 -1)(Wonnncott and Wonnacott. 1984. p. 232),

, The formula for the z-test which does not assume equal varinnces is (Kmenta. 1986. p. 137 and p. I~5):

where
. I(X Ii ~X,r

s,- =..:..'.:.:.'----- =incumbent LEC sample variance (Matlnck. 1980. p.47)
n, -1

.\"2 = .,:.,.:;.i • CLEC snmple variance (Mntlack. 1980. p.47).
n2 -1

This version of the z-test is an approximate solution. This problem. know as the Behrens-Fisher problem. has
remained unsolved for over SO years (Larson and Marx. p.362).
If statistical inferences based on the result of the test assume a student's t distribution rnther thnn the normal
distribution (a t-test instead of a z-test). the approximation for the degrees of freedom for this test is (Zar. 1996. p.
129):

"
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J One tcst of equality of varinnces of two assumed norm:tl populations is given by the formula below (Kl1lent:l.
1986. pp. 147-1~8):

,
s,- _ F
\.1 ",-1.,,:-1

where F",-I..,:-I is the F distribution with n, -1. n~ -1 degrees of freedom. This tests the null hypothesis that
., ,.,., ., ,

(j,- ~ (j~ against the alternative hypothesis that (j,- > (ji where (jl- and (ji are the two population variances.

; If the populations from which the two means are sampled are normal and the variances of these populations are
identical. the z-test is an exact test. Consequently. it is not subject to the sample size constraints imposed by
reli:tnce on approximations to the normal distribution based on the central lim it theorem.

"The formula for the probability function of the binomial distribution is (Zar. 1996. p. 515):

ifW _ B(n.p~thenpw(x)= n! pTq(II-T)
:e!(n - x)!

where n =sample size
p =probability ofevent occurring
k =number of events occurring.

7 The formula for the test statistic comparing differences in proportions from large sample sizes is (Martin Andres.
Herranz Tejedor. and Silva Mato. 1995. p.444):

where
k

PI = sample incumbent LEC proportion = ~ = events in sample I sample size
nl

k
p, =sample CLEC proportion • ...l. =events in sample I sample size

- n
2

k, +k~
Ph,.", = .

n, +n2
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trl =population LEC probability

iT1 = population CLEC probability

(,71 - ''':) =0 under null hypothesis of parity. or equality of proportions

n l = incumbent LEC sample size

11: = CLEC sample size

Like the z-test on means. the Z-test above compares the difference between two proportions rebtive to the
stand:lrd error of the difference of these sample proportions. [t. too. is based on the assumption of normally
distributed means. because proportions are means for binary dntn. This assumption again allows us to determine th~

statistical .::ontidence with which we can say the sample proportions are the "same:' or drawn from the same
underlying binary distribution.

~ Zar (198~. pp. 385-386) provides the following table from Cochran (1977. p.58) with sample size
recommendations for different magnitudes of sample proportions:

Sample Snmple Size
proportion

0.5 ~ 30
04 or 0.6 I ~ 50
0.3 or 0.7 ~ 80
0.2 or 0.8 ~200

0.101' 0.9 i ~600

0.05 or 0.95 ~ [,400

q The fonnula for obtaining the probability of any specific 2x2 table is (Zar. 1996. p. 541):

where R, and R2 =row I total and row 2 total. respectively

C1 and C~ = column I total and column 2 total. respectively

.h, • count in cell: row I, column I

1.2 count in cell: row I, column 2

.t;l count in cell: row 2. column I

.I;~ = count in cell: row 2. column 2

n ... ./; I + '/;2 + .1;1 + I 22 = total number of observations

Fisher's exact test is based on combinatorics. Since the row and column totals are tixed. as one of the tour cell
counts varies. the other three are adjusted accordingly and the probability of observing each resulting 2x2 table
follows the hypergeometric distribution given by the fonnula (Evans. Hastings. and Peacock, 1993, p. 85):

IV
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. (X\(iV -X)
( ) () xj n-x

ifV-H N.X.n.thenp, x = (:)

wl',ere :V '"' total sample size (total number of lines in the example in the body of the Appendix A)

X '"' number of events in total sample (total number of lint:s needing repair)
!1 '"' sample size of comparison category (total number of retail lines)
x '"' number of events in comparison category (number of retail lines needing repair)

where the minimum value ofx is max(O.n - ;\i + .r) and the maximum value ofx is

min(X.n).

,: As with the z·test comparing means. since the object of this statistical analysis is to test whether Ameritech's
service provision in its resale market is worse than it is for its retai I customers. the one-tai led version of Fisher" s
exact test is more appropriate than the two-tailed version.

" An arguable limitation of Fisher's eXact test is that it conditions on both the row and column mar~inal totals.
meaning that both the row and column totals must be fixed during the calculation. Although fi.\ing the row totnls
(repair I no repair) is an unnecessary restriction for testing the resale and retail proportions being compared. many
statisticians have argued that this does not significantly detract from the accuracy of the test. and they do not
hesitate to advocate its use.

"Fisher's exact test is the most widely known and accepted method for analyzing a :!x:! table ..... (Andres Martin
nnd Herrnnz Tejedor. 1995. p.590).

"It is the probabilities of occurrence in the relevant subset that provide the correct basis for tests of significnnce. In
other words. we must condition on the margins. whatever the origin of the table. Whether no. one. or two margins
are 'fix~d' in advance is irrelevant." (Yates. 1984. p. 433)

Fisher (1935) and later Yates (1984, together with many other discussants (including Barnard and Cox). argue that
knowledge of the joint distribution of the row totals provides little inference on the magnitude of association evident
in a 2x:! table. Little (1989. p.286) describes the row marginal sums as "approximately ancillary" because little
information is lost by conditioning on both marginals.

"nle Fisher exact test is applicable to contingency tables where both the row totals and column totals are set in
advance of data collection (an uncommon situation). Fortunately, the testing procedure appears to work with other
contingency tables as well"' (Zar. 1984, p. 392).

One should note. especially when working with small samples. that Fisher's exnct test is conservative.
Tit is decreases the power of the test and increases the likelihood of making Type II errors - accepting the null
hypothesis of parity when pnrity does not exist. However. it also reduces the probability of making Type I errors 
rejecting the null hypothesis of parity when parity does. in fact exist. Statisticians h,lVe argued that the benefits of
Fisher's exact test outweigh any reduction in power resu Iting from its use over other methods" ... the loss of power
produced by using Fisher's test is very slight in the majority of situations. nnd this is acceptable in return for the
greater ease of computation and a more generic validity (for nil types of sample):' (Andres Martin nnd Herranz
T~.iedor. 1995. p.579).

v



MPSC Case :"0. LJ-I 1830
Ameritech .\-tichi:;'.ln

Affidavit of Daniel S. Lev;
October 3 I. 1995

Some statisticians have proposed adjustments to Fisher's exact test to compensate for its conservatism.
Agresti (19lJO) cites Lancaster's (1961) nnd Plackett's (discussion of Yntes. 19S~) ndvocacy of the mid-? vJlue
method - using half the P value of the observed table plus the probability of the more extreme tnbles - ",IS n :;.ood
compromise between hnving a conservncive test and using randomization on the boundary to eliminate problo::ms
from discreteness" (.A.gresti. 1990. p.66).
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